A self-consistent model which can unify Starobinsky's inflation and ΛCDM model in the framework of Poincaré gauge cosmology (PGC) is studied in this work, without extra inflationary fields and "dark energy". We study the general nine-parameter PGC Lagrangian, and get two Friedmannlike analytical solutions with certain constraints on Lagrangian parameters. The scalar torsion h-determined solution is consistent with the Starobinsky cosmology in the early time and the pseudo-scalar torsion f -determined solution contains naturally a constant "dark energy" density,
A self-consistent model which can unify Starobinsky's inflation and ΛCDM model in the framework of Poincaré gauge cosmology (PGC) is studied in this work, without extra inflationary fields and "dark energy". We study the general nine-parameter PGC Lagrangian, and get two Friedmannlike analytical solutions with certain constraints on Lagrangian parameters. The scalar torsion h-determined solution is consistent with the Starobinsky cosmology in the early time and the pseudo-scalar torsion f -determined solution contains naturally a constant "dark energy" density, 3(α − 1)
2 /8B0, which cover the ΛCDM model in the late-time. According to the latest observations, we estimate the magnitudes of parameters: α − 1 ≃ 8.07 × 10 −56 , B0 ≃ 5.76 × 10 −28 GeV −2 in the natural units.
Inflation and late-time acceleration are two significant accelerated expansion periods of the Universe in the standard model (SM) framework of cosmology based on Einstein's general relativity (GR) and observations. Latest observations [1] indicate good consistency with the standard spatially-flat 6-parameter ΛCDM cosmology having a power-law spectrum of adiabatic scalar perturbations, from polarization, temperature, and lensing, separately and in combination. The joint constraint with baryon acoustic oscillation (BAO) measurements on spatial curvature is consistent with a flat universe, Ω K = 0.001 ± 0.002. Also combining with Type Ia supernovae (SNe), the dark energy equation of state (EOS) parameter is measured to be w 0 = −1.03 ± 0.03, consistent with a cosmological constant. However, although the ΛCDM cosmology can accurately describe the evolution of the universe from a phenomenological perspective, the value of vacuum energy density estimated from quantum field theory is 10 121 times larger than the observed value [2] , and there is still no evidence of the existence of dark energy. On the other hand, the constraints on inflation [3] support the key prediction of the standard single-field inflationary models. However, any single-field inflation model faces the problem of the origin of the scalar field. As a single-field model, Starobinsky's inflation given by a LagrangianR +R 2 /6M 2 plus some small non-local terms (which are crucial for reheating after inflation) is an internally self-consistent cosmological model, which possess a (quasi-)de Sitter stage in the early Universe with slow-roll decay, and a graceful exit to the subsequent radiation-dominated FriedmannLemaître-Robertson-Walker (FLRW) stage [4] [5] [6] . This is one of the most appealing from both theoretical and observational perspectives among different models of inflation [7] . The motivation is natural to unify both Starobinsky inflation and ΛCDM in one model, as people tried in [8] [9] [10] [11] [12] [13] [14] [15] , from a perspective of f (R) gravity. Besides f (R), another fundamental way to generalize GR from the geometric and gauge perspectives was introduced systematically since 1970's [16, 17] .
Recalling that there is a hypothesis which is easily overlooked in GR, i.e. the connection is torsion-free,
Because torsion has always been considered to be related only to spin, the microscopic nature of matter. Relaxing this restriction in GR, one can get the EinsteinCartan theory (ECT) [18] , which is the simplest case. The gravitational action of ECT has the same form with GR's, i.e. the Einstein-Hilbert action, only the curvature scalar is constructed by the affine-connection with nonvanishing torsion. The field equations imply that torsion can not propagate in the spacetime, which means the torsion must vanish if the source is spinless, and ECT degenerates into GR automatically. For the action with non-vanishing torsion, the corresponding gravitational theories can be regarded as the gauge field theories based on the Poincaré group, i.e. Poincaré gauge gravity (PGG) [16, 19] . From the perspective of gauge field theory, the tetrad and spin-connection are gauge fields of the translational and rotational parts of Poincaré group, respectively, while torsion and curvature are their corresponding field strengths. PGG can be regarded as the generalization of GR style gravity and its modifications, such as f (R) gravity. But PGG is essentially different from the modified gravitational theory based on GR, that is, the spacetime is Rieman-Cartan. Besides tetrads and spin-connection, the combination of metric g and torsion T can also represent the independent structures in Riemann-Cartan spacetime. The affine-connection Γ can be derived from g and T :
where { ρ µν } is the Levi-Civita connection. In the subsequent context, ∇ represents the covariant derivative with respect to the affine-connection, R andR are curvatures constructed from the affine-and Levi-Civita connection, respectively.
In Poincaré gauge cosmology (PGC), we assume that the cosmological principle is still valid, namely, our Universe is homogeneous and isotropic when viewed on a large enough scale. This assumption alone determines the spacetime metric up to the FLRW form:
where a(t) is the scalar factor. In this work, we consider the spatially flat case, K = 0, which is consistent with the observations mentioned earlier in this article. Meanwhile, according to [20, 21] , it turns out that the only torsion tensors compatible with a FLRW universe are the time-like vector torsion and the time-like axial torsion [22, 23] , which can be expressed in terms of a scalar torsion h(t) and a pseudo-scalar torsion f (t),
In addition, we assume the contents of the Universe are spinless on cosmological scales. Therefore, the spin tensor, defined as
vanishes [24] . We also assume that there is no dark energy, and that dark matter and baryonic matter are indistinguishable. In addition, relativistic particles like photons and massless neutrinos are under consideration. Therefore, the energy-momentum tensor defined as
is just the one usually used in SM. The modified redshift relation. A free photon propagates, in a Riemann-Cartan spacetime, along with an auto-parallel curve (should be distinguished from the geodesic), satisfies the following auto-parallel equation
where ξ is the affinely parameter. It can be seen from Eq.(2) that the symmetric part of Γ contains torsion too, thus the dispersion relations should be modified by a torsion termĖ
where E is the energy of photon, and "·" denotes the time derivative, H ≡ȧ/a the Hubble rate. The redshift z, defined as the rate of wavelength change, is modified as
The modification comes from the scalar h which can be expected to influence the background evolution of the Universe. The cosmological distances, such as the comoving distance, the luminosity distance and the angular diameter distance, which are defined based on the redshift relation, should be modified also. Conservation law. Noether's theorem in PGG implies the conservation laws for energy-momentum and angular momentum currents, respectively [16, 17] . The vanishing of spin tensor S ρ µν (5) leads to the conservation law of energy-momentum tensor as
which is independent on the choosing of gravitational Lagrangian. Its time-component equation on the FLRW background readsρ
which is same as the one in SM. The EOS w = 1 3 , 0, −1 correspond to relativistic particles (photons and massless neutrinos, or say radiation, labeled by "r"), baryons ("b"), and "dark energy" ("Λ ′′ , if exist), respectively. Eq. (11) can be solved immediately:
where the subscript "0" represents values at present, a 0 = 1. The general solutions of PGC. According to [25, 26] , we consider a nine-parameter gravitational Lagrangian L G , at most quadratic in torsion and curvature, which reads:
where α, a i , b j are free parameters with appropriate units, called the Lagrangian parameters. The general cosmological equations corresponding to the action (13) combined with (5,6), on a FLRW background read:
with the combinations of parameters
Obviously, (14) and (15) correspond to the generalized Friedmann equations. For more discussions on the cosmological aspects of these field equations, please see [27] [28] [29] . Analytical solutions. Two independent Friedmannlike solutions can be obtained from (14) ∼ (17), if we just set:
and the cosmological solutions read:
or
It's obvious that if α → 1 and B 0 → 0, the first solution (h-determined) reduces to the SM. However, this solution doesn't contain a natural "dark energy" (ρ Λ arises only setting w = −1, which means the "dark energy" is introduced as same as in the SM), while the second solution (f -determined) implies a constant Λ ≡
if α = 1 and B 0 = 0. Therefore, α must be very close to 1, and B 0 can be estimated by the value of "dark energy" density in ΛCDM. On the other hand, the first solution is more consistent with the evolution in the early time. Since during the reheating (at any given temperature T ), the energy density of non-relativistic particles in thermal equilibrium is exponentially suppressed with respect to that of relativistic particles [30] , which means that during the reheating:
The first solution shows h = 0, f = 0 naturally when w = 1 3 . Substituting h = 0, f = 0 into the general field equations and considering (19) , (14) reduces to
which is consistent with the Starobinsky cosmology. And the Starobinsky inflation arises if ρ vanishes.
3α
B0 is equivalent to 6M 2 in the standard Starobinsky inflation:
LG
where M is the scalaron rest-mass, determined from the normalization of the primordial scalar spectrum [31] . Numerical magnitude of parameters. [32] The combined WMAP3-SDSS measurements [33] constrain M = 2.8 × 10 −6 (N/50) −1 M P l where M P l ≡ 1/ √ G is the Planck mass, N the number of e-folds between the first Hubble radius crossing of the present inverse comoving scale 0.05M pc −1 and the end of inflation. The model predictions for the slope of the primordial spectrum of scalar perturbations n s is n s − 1 = −2N −1 . Planck 2018 [3] temperature, polarization, and lensing data determine the spectral index of scalar perturbations to be n s = 0.9649±0.0042 at 68% CL. Planck 2018 also constrain the inferred late-Universe parameters of ΛCDM are: Hubble constant H 0 = (67.4 ± 0.5)km sec −1 M pc −1 ; matter density parameter Ω m = 0.315 ± 0.007. Ignoring the spatial curvature Ω K and radiation Ω r , the "dark energy"
Combining the above data, we get the constraints:
which derive
According to this estimation,
when w = 0 in (20, 21) . α is −54 order of magnitudes close to 1, which hit our previous guess.
Conclusion. In this work, we study the general nineparameters PGC Lagrangian (13) and its general cosmological equations (14∼17), and get two Friedmannlike analytical solutions when the constraints for Lagrangian parameters (19) are used. The h-determined solution is consistent with the Starobinsky cosmology in the early time, and the f -determined one contains naturally a constant can be regarded as the "dark energy" density. (17) shows that the key reason to get these two independent solutions is the last B 1 term in the right hand side, which contains the second-order of f . Loosing the constraint on B 1 to an infinitesimal level, such that the h-determined as an asymptotic solution in the early time and the f -determined in the late-time, which will be the methodology to pursue a continuous model in PGC, where the inflation and late-time acceleration can be unified.
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